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Description 

FIELD OF THE INVENTION 

5 This inv ntion relates to processes using catalysts with certain transition metal compounds from G^oup IV B of the 
Periodic Table of Elements, and an alumoxane for the production of pdyolef'ns. particularly a-olef in copolymers of eth- 
ylene having a high nrnlecular weight The catalyst system is highly active at low ratios of aluminum to the Group IV B 
transition metalp hence catalyzes the production of a polyotefin product containing low levels of catalyst residue. 

TO BAnKQRQUND OF THE INVENTION 

As is well known, various processes arxJ catalysts exist for the honfK}polymerization or copdymerization of olefins. 
For many applications it Is of primary importance for a polyolefin to have a high weight average molecular weight while 
having a relatively narrow molecular weight distraaution. A high weight average nnolecutar weight, when accompanied 
15 by a narrow nfX)lectiar weight distribution, provides a polyolefin or an e^ene-a-olefin copolymer with high strength 
properties. 

Traditional Ziegler-Natta catalyst systems - a transition metal compound oocatalyzed by an aluminum all^ - are 
capable of producing potyolefins having a high molecular weight but a broad molecular weight distribution. 

More recentiy a catalyst system has been developed wherein the transition metal compound has two or more 

20 cydopentadienyl ring ligands. such transition metal compound being referred to as a metalocene - which catalyzes the 
production of olefin monomers to polyolef ins. Accordingly, metallocene conpounds of the G^oif) IV B metals, particu- 
lariy, titanocene and zirconocene, have been utilzied as the transition metal component in such "metaHocene" contain- 
ing catalyst system for the production of polyolefins and ethylene-a-olefin copolymers. When such metallocenes are 
oocatalyzed with an aluminum alkyi - as is the case witii a traditional type Ziegler-Natta catalyst system - the catalyst 

2S activity of such metallocene catalyst system is generally too fow to be of any commercial interest 

It has since become Known that such metallocenes may be cocatalyzed with an alumoxane - rather than an alu- 
minim alkyl -to provide a metallocene catalyst system of high activity which catalyzes tiie production of polyolef hs. 

A wide variety of Qroip IV B transition metal compounds of the metallocene type have been named as possible 
cancfidates for an alumoxane cocatalyzed catalyst systenrt Hence, although bis(cyclopentadienyl) G^oup IV B transition 

30 metal compounds have been the most preferred and heavily krvestigated type metallocenes for use in melalfocene/alu- 
nnoxane catalyst for 5>olyolef in production, suggestions have appeared that nrx>no and tris(cydopentadienyl) transitions 
metal compounds may also be useful. See, for example, US. Patent Nos. 4,522,982; 4,530,914 and 4,701,431. Such 
nnono(cyclopentacfienyO transition metal conpounds as have heretofore been suggested as candidates for a metal- 
locene^alunrKixane catalyst are nDono(cyck>penta£fienyl} transHion nietal tnWides and trialkyfs. 

35 More recently International Pubfication Na WO 87/03887 has appeared v*rhich describes the use of a composition 
conrprising a transition metal coordinated to at least one cydopentadienyl and at least one heteroatom ligand as a met- 
allocene type component for use In a metalloceneAalunrx>xane catalyst system for a-olef in polyrrierizatioa The connpo- 
eition is broadly defined as a transition metal, preferably of Group IV B of the Periodic Table which is coorcfinated with 
at least one cycfopentadienyl ligand and one to three heteroatom ligands, the balance of the coorcfination requirement 

40 being satisfied with cydopentadienyl or hydrocarbyl ligarxis. The metaOocene/aiumoxane catalyst system descrOsed is 
illustrated solely with reference to transition metal compounds which are bis(cyclopentadienyl) C^oip IV B transition 
metal compounds. 

Even m>re recentiy. at tiie Third Chemical Ck)ngress of North America held In Toronta Canada in June 1988, John 
Bercaw reported upon efforts to use a compound of a Qroip III B transition metal coordinated to a single cydopentadl- 
. 45 nyl heteroatom bridged llgarxJ as a catalyst system for tfie polymerization of olefins. Although some catalytic activity 
was observed under tfie conditions enployed, the degree of activity and tfie properties observed in the resulting poly- 
. mer product were discouraging of a lielief that such transition metal conpound could be usefully employed for commer- 
cial polymerization processes. 

EP 416815 discloses nrx)nocyclopentadienyl derivatives for olefki polymerisation as well as polymerisation proc- 
60 esses using such derivatives EP 41 6815 claims ttie priority of US 401345 which discloses a limited range of monocy- 
cfoperTtadienyl compounds and a limited choice of morwmer combinatiorts. 

A thesis by Mr. KOkenhOhner of the University of Martxjrg discusses tfie syntiiesis of nronocylopentadienyl deriva- 
tives of titanium having chloride ligand and a tiiree membered cartxm bridge between an oxygen atom bonded to tiie 
titanium and the cydopentadienyl moiety. There is no mention of using the conrpound for polymerising olefins. 
55 A need still exists for discovering catalyst systems ttiat permit the production of higher molecular weight polyolefins 
and desirably witti a nanrow molecular weight distrbution. 
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Riimmarv of the invention 

Th invention provides a process for olefin polymerization, comprising polymerising ethylene and a nronomer 
selected from C3-C20 a-oleftn or a C5-C20 diolefin in the presence of a catalyst system comprisrig (A) a compound of 
5 the general forniula: 



10 




IS 

or 



30 

wherein M is Zr, Hf or Ti; 

(CsHsy-xRx) » cydopentadienyl ring which is substituted with from zero to five groups R, V is 0, 1 . 2, 3, 4 or 5 denot- 
ing the degree of substitution, and each R is, independently, a radical selected from a grotp consisting of Ct -C20 hydro- 
ca(t>yt radicals, substituted C1-C20 hydrocart>yl radcals wherein one or vnorB hydrogen atoms is replaced by a halogen 
35 atom, Ci-Cgo hydrocart>yl-substiluted metalloid radicals wherein the metalloid is selected from the Group IV A of the 
Periodic Table of Elements and halogen radicals; 

(JR 2-1-y) a heteroatom llgand In which J is an element with a coorcfination nunnber of three from e&roup VA or an ele- 
ment with a coordination number of two from Group Vl A of the Periocfic Table of Elements, each R* is, independently; 
a radical selected from a group consisting of C^Czo hydrocartiyt radicate, substituted C1-C20 hydrocartTyi radicals 
40 wherein one or nrore hydrogen atoms is replaced by a halogen atom, and V is the coordination number of the dement 
J; each Q or Q* is, independently, halogea hydride or a substituted or unsubstituted C1-C20 hydrocart>yl, alkoxide, ary- 
IcKide. amide, arylamide, phosphide or arylphosphide provided that where Q or Q* is a hydrocait>yl such Q or Q' is dif- 
ferent from C5H5.y.xRx or both Q and Q' togettier are an alkylidene or cydometallated hydrocarbyl and has tiie same 
meaning as M; 

45 VisOorl when wisgrealerthanO;yis1 when wisO, when V»s1.BisacovalertbridginQgr^ 

IV A or V A element; and L is a neutral Lewis base where denotes a number from 0 to 3 and (B) an alumoocane with 
the exclusions of: 

i) polymerizing ethylene arxl vinyl aromatic monomer; and 
so ii) where tiie compound (A) is (N-t-butylamino)(dimetfTyO(n^-2,3.4.5-tetramettTylcydopentadienyl)siIane zirconium 
dichloride, polymerizing ettiyVene and 1-hexene or 4-methyl-1-pentene. 

The catalyst system of tiiis invention comprises a transition metal component from Groip IV B of tfie Periodic Table 
of tiie Elements (CRC Handbook of Chemistn/ and Phvsics . 68th ed. 1987-1988) and an alumoxane component which 
55 may be employed in solution, slurry or txilk phase polymerization procedure to produce a polyolef in of Ngh weight aver- 
age molecular weight and relattvety narrow molecular weight distributioa 
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The "Group IV B transition metal componenT of the catalyst system is represented by the general formula: 




wherein: M Is Zr, Hf or Ti (usually in its highest formal oxidation state. 44, (f compleaO; (C5H5.y.xRx) is a cydcpentadi- 
enyl ring which is substituted with from zero to five substituent groups R, "x* is 0, 1 , 2, 3, 4 or 5 denoting the degree of 
substitution, and each sii^stituent groi^ R is, independently, a radical selected from a group consisting of C^-C2o hydro- 
cartiyl radicals, substituted C-i-Cgo hydrocarbyl radicals wherein one or more hydrogen atoms is replaced by a halogen 
atom. hydrocart>yl-6ii)stituted metafloid radicals wherein the metalloid is selected from the Group IV A of the 

Periodic Table of Elements, and halogen racficals ((C5H5.y.xRx) nay be a cydopentadienyl ring In which two adjacent 
R-groips are Joined forming 04-020 ring to give a saturated or unsaturated polycydic cydopentadienyl ligand such as 
indenyl, tetral^roindenyt, fluorenyl or octahydrofluorenyQ 

(JR'z-i-y) a heteroatom ligand in which J is an element with a coordination number of three from Group V A or 
an element with a coordination number of two from Group VI A of the Periodic Table of Bements, preferably nitrogen, 
phosphorus, oxygen or sulfur, and each R* is. Independently a radical selected from a group consisting of CrCzo hydro- 
carbyl radicals, substituted Oi-Oeo hydrocart^yt radicals wherein one or more hydrogen atonrts is replaced by a halogen 
atom, and "z" is the coordination number of the element J; 

each Q may be independently any univalent anionic ligand such as halogen, hydride, or substituted or unsut)sti- 
tuted Ct-02o hydrocartjyl, alknxide, arytaxide. amide, arylamide. phosphide or arytphosphlde. provided that where any 
Q is a hydrocarbyl such Q is different from (C5H5.y.xRx). ^ Q together may be an all^idene or a cydometailated 
hydrocart>yl or any other divalent anionic chelating ligand. 

V fe 0 or 1 when w is greater than 0; y is 1 when w is 0; when V is 1 , B Is a covalent bridging group containing 
a Group IV A or V A element such as, but not limited ta a dialkyl. alMaryl or diaryl sificon or germanium radical, alkyi 
or aryl phosphine or amine radical, or a hydrocarbyl radical such as metl^ene or ethylene (see column 1 Table 1); 

L is a Lewis base such as diethylether, tetraethyfammonium chloride^ tetrahydrofuran, cfimethylaniline, aniline, tri- 
methylphosphine, and Q4xitylamine, : and \v" is a nurrt^er from 0 to 3; L can also be a second transition metal com- 
pound of the same type such that the two metal centers M and are bridged by Q and Q\ wherein M* has the same 
meaning as M and Q* has the same meaning as Q. Such compounds are represented by the formula: 




The alumoxan component of the catalyst may be represented by the formulas: (R^-AIO)^: R^(R^-AI-0)^-AIR^ or 
mixtures thereof, wher in R^. R^ are, independently, a univalent anionic ligand such as a Ci -C5 alkyI group or halide and 
"m" is an integer ranging from 1 to 50 and preferably is from 13 to about 25. 
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Catalyst systems of the invention may b prepared by placing the *'Group IV 6 transition metal component' and the 
alumoxane component in common eolution in a normally liquid aikane or aromatic sohrent which solvent Is preferably 
suitable for use as a polymerization diluent for the liquid phas polymerization of an oteHn monomer. 

A typical polymerization process of tfi invention such as for the copdymerizab'on of olefins comprises the steps of 

5 contacting ethylene with other unsaturated monomers including 03-020 a-oldins or O5-O20 diolef rts, 

either alone or in combination with other olefins and/or other unsaturated monomers, with a catalyst comprising, in a 
suitable polymerization diluent the Group IV B transition metal component illustrated above; and a methylalumoxane 
in an amount to provide a molar aluminum to transition metal ratio of from 1 :1 to 20,000:1 or more; and reacting such 
monomer in the presence of such catalyst system at a temperature of from -1 OO'^C to 300^*0 for a time of from 1 second 

10 to 1 0 hours to produce a polyotefin having a weight average molecular weight of from 1 ,000 or less to 5,000.000 or more 
and a molecular weight distribution of from 1 .5 to 1 5.0. 

Ijower molecular weight species may be produced by using catalyst species of reduced activity; higher tempera- 
tures and/or the use of transfer agents such as hydrogen. 

Exemplary hydrocarbyl radicals for the Q (and Q*) are methyl, ethyt. propyl', butyl, amyl, isoamyl, hexyl, isobutyt, 

IS heptyl, octyl. nonyl, decyt. cetyl, 2-etfiylhexyl, and phenyl with methyl being preferred. Exemplary halogen atoms for Q 
and Q* include chlorine, bromine, fluorine and iod ne, with chlorine k»eing preferred. Exemplary alkoxides and aryloxides 
for Q and Q* are methoxide. phenoxide and 8ut)stituted phenoxides such as 4-methylphenoKide. Exemplary amides for 
Q and Q* are dimethytamide, diethylamide, methylethylamide, di-l-butytamide. and diisopropylamide. Exemplary aryl 
amides are d'q3henyl€miide and any other 6ut)stituted phenyl amides. Exemplary phosphides for Q and Q* m dfiheryfi- 

20 phosphide, dicydohaxy^Thosphide. cfiethy^hosphide, and dimethylphos^^iida Exemplary alkyldiene radicals for Q and 
Q together are metfiyGdene, ethyfidene and propyTidena Examples of the Q and Q' groups which are suitable as a con- 
stituent group or element of tfie Group IV B transition metal conponent of the catalyst system are identified in Column 
4 of Table 1 under the heading "Q". 

Suitable hycfrocart>yl and sid>stituted hydrocarbyl radicals, which may be substituted as an R group for at least one 

25 hydrogen atom in the cydopentadienyl ring, will contain from 1 to 20 caft)on atoms and Indude straight and branched 
alkyi radicals, cydic hydrocarbon radicals, alkyl-substituted cydic hydrocaitxxi radicals, aromatic radicals, alkyl-8ut>sti- 
tuted aromatic radicals and cydopentadienyl rings containing 1 or more fused saturated or unsaturated rings. Suitable 
organometalGc radicals, which may be substituted as an R group for at least one hydrogen atom in the cydopentadienyl 
ring, indude trimethylsilyl, triethylsifyl, ethyldimethylsilyl. methyldiethylsilyl, triphenylgermyl and trinriethylgermyl. Exam- 

30 pies of cydopentadienyl ring groups (05H5.y.x^x) which are suitable as a constituent group of the Group IV B transition 
metal component of the catalyst system are identified in Oolumn 2 of Table 1 under the heacGng (C5H5.y.xRx)- 

Suitat»le hydrocarbyl and substituted hydrocarbyl radicals, which may be sut^stituted as an R* group for at least one 
hydrogen atom in the heteroatom J ligand groip, will contain from 1 to 20 cartx>n atoms and indude straight and 
branched alkyI radicals, cydic hydrocartxm radicals, alkyt-sti^stituted cydic hydrocarbon radicals, aromatic radicals 

35 and alkyl-8ut)strtuted aromatic radicals. Examples of heteroatom ligand grotfis (JRVi-y) >^>ch are suitable as a con- 
stituent group of the Grot^ IV B transition metal component of the catalyst system are identified in Oolumn 3 of Table 
1 under the heading (JR'z-i-y)- 

Table 1 depicts representative constituent nrxjteties for the "Group IV B transition metal component*, the 6st is for 
illustrative purposes only and should not be construed to be limiting in any way. A number of final components may be 

40 formed by permuting all possble combinations ol tiie constituent moieties with each other. Illustrative compounds are: 
dimethylsilyltetramethylcYdopentadienyHert-butylanfiido zirconium dichloride. dimethylsilyltetramethylcyc- 
lopentadienyl-tert-butvlamido hafnium dichloride, dmethyisilyl-lal-butylcydopentadienyHfitf-butylamido zirconium 
dichloride. dimethylsilYl-tert-butvlcvctopentadienvl-teft-butvlamido hafnium dichloride. dimetfrylsilyltrimethyteflylcy- 
dopentadienvl-tert-butvlamido zirconium dchioride. c£methylsilytt6tramethylcydopentadieny|phenylamido zirconium 

45 dichloride, dmethytdlyltetramethylcydopentadienylphenytanrHdo hafnium dichloride, mettiylphenylsayflelramethyl- 
cyclopentadenyl-tfiCl-butyfamido zirconium dichtoride, metfiy^phenylsnyttetrarnetiTylcydopentadenyl-lfiil^xAyl^^ 
hafniim dichloride^ methy^)henylsilyttetramethylcydopenfadienyl-lfiil-butylamido hafnium dimethyl, dmetfiylsilylte- 
tramethylcydopentadienyl-piH^uty^enylamido zirconium dichloride. dimettiylsilyltetramethylcydopentacfienyl-p-Q- 
butylphenylamido hafnium dichlorida For illustrative purposes, ttie above compounds and those pernrtuted from Table 

60 1 does not include the Lewis base ligand (L). The conditions uider which complexes containing Lewte base Uganda 
such as ether or those wNch form dimers is determined by the steric bulk of the ligands about the metal center. For 
example, the 1-butyl group in Me2Si(Me4C5)(N-l-Bu)ZrCl2 has greater steric requirements tiian tfie phenyl group in 
Me2Si{Me4C5)(NPh)ZrCl2 • EtgO thereby not permitting ether coordination in the former compound. Similarly, due to tine 
decreased steric buli< of the trimethylsilyteydopentadienyl group in lMe2Si(Me3SiC5H3)(N-l-Bu)ZrCl2l2 versus that of 

55 the tetramethylcydopentadienyl group in Me2Si(Me4C5)(N-t-Bu)ZrCl2, the fonner conpound is dimeric and the latter is 
not 
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Generally the bridged species of the Group IV B transition metal compound (y=1) are preferred. TTiese oom- 
p unds can be prepared by reacting a cydopentadienyl lithium compound with a dihalo compound whereupon a lithium 
halide salt is liberated and a monohalo substituent becomes covalentty bound to the cydopentadienyl compound. The 
8 substituted cydopentadienyl readion produd is next readed with a lithium salt of a phosphide, cxide, sulfide or 
55 amide (for the sake of iflustrative purposes, a lithium amide) whereupon the halo element of the monohalo substituent 
group of 1h reaction product reacts to liberate a lithium halide salt and th amine moiety of tfie littiium amid salt 
becomes coval ntiy bound to th substituent of the cydopentadienyl reaction product Th resulting amin derivative 
of the cydopentadienyl product is then readed with an alkyt lithium reagent whereupon the labil hydrogen atoms, at 
the cartx)n atom of the cydopentadienyl compound and at the nitrogen atom of tfie amin nrioiety oovalentiy bound to 
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the substituent group, react with the alkyl of the lithium alkyi reagent to liberate the alKane and produce a diGthium salt 
of the cydopentacfienyl compound. Thereafter the bridged species of the Group IV B transition metal compound is pro- 
duced by reacting the dilitNum salt cydopentadlenyt compound with a Group IV B transition metal preferatify a Group 
IV B transition metal hafida 

5 Unbridged species of the Groiip IV B transition metal compound can be prepared from the reaction of a cyclopen- 
tacf enyl lithium compound and a lithium salt of an amine with a Group IV B transition metal halida 

Suitable, but not limiting, Groip IV B transition metal compounds which may be utilized In the catalyst system of 
this invention include those bridged species (V=1) wherein the B grotp bridge is a diallcyl. diaryl or alkyteryl silane, or 
methylene or ethylene. Exemplary of the more preferred species of bridged Grot^) iV B transition metal compounds are 

TO dimethylsilyl, methylphenyisayl, diethylsayl, ethylphenylsilyl. diphenylsilyl, ethylene or methylene bridged compounds. 
Most pref en'ed of the bridged spedes are dimethylsayl. diethylsilyt and methy^henytsayl bridged compounds. 

Suitable Group IV B transition metal compounds which are illustrative of tfie unbridged (V-O) spedes which may 
be utilized in the catalyst systems of this invention are exemplified by pentamethylcydopentadienyldi-t-buty^Dhosphin- 
odimethyl hafnium; pentamethyicydopentacSenyWi-l-buty^jhosphinomethyiethyl hafnium; cydopentadienyl-2-methylbu- 

15 toxide dimethyl titanium. 

To illustrate members of the Groi^) IV B transition metal component, select any combination of the spedes in TaUe 
1. An exarrple of a bridged spedes would be dimethylsilylcydopentadienyl-l-butytamidodlGhloro zirconium; an example 
of an uri^ridged spedes would be cydopentadienyldi-l-butylamidocSchloro zirconium. 

TTie aliOTioxane component of the catalyst system is an oligomeric compound which may be represented by the 

20 general formula (R^-AI-0)m which is a cycfic compound, or may be R3(R*-Al-0-Xn-AIR^ which is a linear compound. An 
alimK3ocane is generHly a mixture of both the linear and cydic compounds. In tfie general alumoxane formula R^, R^, 
R^, and R^ are, fridependently a univalent anionic figand such as a C^-Cs aM radcal, for example, mrthyl, ethyl, pro- 
pyl, butyl, pentyl or halide and "m* is an integer from 1 to about 50. Most pr^eraby, R^, R^, R^ and R^ are each methyl 
and "m" is at least 4. When an alkyl alun*um hafide is employed in the preparation of alumoxane, one or nwre of R^* 

25 ^ could be halkla 

As is now well krrawn, alumoxanes can be prepared by various procedures. For example, a trialkyi aluminun may 
be reacted with water, in the form of a moist inert organic solvent; or the triall^ aluminum may t>e contacted with a 
hydrated salt, such as hydrated copper sulfate suspended in an viert organic solvent, to yield an alumoxane. Generally, 
however prepared, the reaction of a Iriall^ aluminum with a limited amount of water yields a mixture of both the linear 
30 and cydfo spedes of alumoxana 

Suitable alumoxanes which may be utifized in the catalyst systems of this invention are those prepared by the 
hydrolysis of a alkylaluminum reagent such as trimethylaluminum, triethyakjirtnum. tripropylalwninum; triisobutylalumi- 
num, dimethylaluminumchtoride, diisobutylaluninumchloride, dielbylalunrwumchloride, arxl the lika The most prefen-ed 
alimroxane for use is methyfalumoxane (MAO), particularty methylalumoxanes having a reported average deg^e of di- 
ss gomerization of from 4 to 25 ("m"=4 to 25) with a range of 1 3 to 25 being most preferred. 

Catalyst Systems 

The catalyst system may include an alkyl aluminum and water wWch may react at least partly with each other 
40 and/or with the metallocene compound outskie of a polymerization vessel for what may be a reaction ia fiihl in the 
polymerization vessel. 

The catalyst systenw employed in the method of the invention comprise a complex fonmed tpon admixture of the 
Groip IV B transition metal component with an alumoxane component The catalyst system may be prepared by addi- 
tion of the requisite Group IV B transition metal and alumoxane components to an inert solvent In which defin polym- 

45 erization can be carried out by a solution, slurry or bulk phase pdymerizaton procedure. 

The catalyst system may be conveniently prepared by pladng the selected Qrotp IV B transition metal component 
and the selected alumoxane corrponent in any order of addition, in an all<ane or aromatic hydrocarbon solvent - pref- 
eratJy one which is also suitable for service as a polymerization diluent Where the hydrocart)on solvent utifized is also 
surt^le for use as a polymerization cfiluent the catalyst system may be prepared in dtu in the pdymerization reactor. 

60 Alternatively, the catalyst system may be separately prepared, in concentrated form, and added to the pdymerization 
diluent in a reactor. Or, if desired, the coiifX>nents of the catalyst system may be prepared as separate solutions and 
added to the polymerization diluent in a reactor, in appropriate ratios, as is suitable for a continuous liquid pdymeriza- 
ti n reaction procedura Alkane and aromatic hydrocart>ons suitable as solvents for formation of the catalyst system and 
also as a polymerization diluent are exemplified by, but are not necessarily fimrted to, straight and branched chain 

55 hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane and the like, cydic and alicydk; hydrocar- 
bons such as cydohexan , cydoheptane, methylcydohexan , methylcydoheptane and the like, and aromatic and 
alkyl-substituted aromatic conpounds such as benzene, tduene and xylene. Suitable solvents also indud fiquid de- 
fins which may act as nnonomers or comonomers induding ethylene, propylene, 1-txftene and 1-hexene. 
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In aocordance with this invention optinrrum results are generally obtained wherein the Group fV B transition metal 
connpound is present in th polymerization dOuent in a concentration of from 0.0001 1 1 .0 millimoles/lrter of diluent and 
th alumoxane component is present in an amount to provide a molar alum&iiHn to transition metal ratio of from 1 :1 to 
20,000:1 . Sufficient solvent should t^e mployed so as to provide adequat heat transfer away from the catalyst com- 

5 ponents during reaction and to permit good mixing. 

TTie catalyst system ingredients » that is. the Group IV B transition metal, the alumoxane. and polymerization dilu- 
ent can be added to the reaction vessel rapidly or slowly. The temperature maintained during the contact of the catalyst 
conponents can vary widely, such as, for example, from -10" to SOO^'C. Greater or lesser temperatures can also be 
enployed. Preferably, during fonnation of the catalyst system, the reaction is maintained within a temperature of from 

10 25° to 1 00*C. most preferably about 25°C. 

At all times, the individual catalyst system components, as well as the catalyst system once formed, are protected 
from oxygen and moisture. TTierefore, the reactions are performed in an oxygen and moisture free atmosphere and, 
where the catalyst system is recovered separately it is recovered in an oxygen and moisture free atmosphere. Prefera- 
bly, therefore, the reactions are performed in the presence of an inert dry gas such as, for example, helium or nitrogen. 

15 In a pr^enred en^x)diment of the process of this invention tiie catalyst system is utiPized in liquid phase (slurry, solu- 
tion, suspension or bu\k phase and comt>ination thereof), high pressure fluid phase or gas phase polymerization of an 
lefin monomer. These processes may be employed singularly or in series. The liquid phase process comprises the 
steps of contacting an olefin nx)nomer with the catalyst system In a suitable polymerization diluent and reacting said 
mon mer in the presence of said catalyst system for a time and at a temperature suffidenl to produce a polydefin of 

20 high molecdar weight 

The nfK)nomer for such pcrcess may comprise etfiylene in comboiation witfi an a-olefin having 3 to 20 caxbon atoms 
for th production of an etfiytene-a-olef in copolymer. Copolymers of propylene or butene with ethylene and C4 or higher 
a-otef ins and diolef ins can also be prepared CorKfitions most preferred for the oo-polynr^erization of etfiylene are those 
wherein ethylene Is submitted to the reaction zone at pressures of from 1 .3x1 0*^ bar (0.01 9 psia) 3445 bar (50.000 psia) 

26 and the reaction tenrperatire is maintained atfrom -100* to 300'C. The alumimjm to transition metal molar ratio is pref- 
erably from 1 :1 to 1 8,000 to 1 . A preferable range would be 1 :1 to 1 000:1 . The reaction time is proferafcrfy from 1 min to 
1 hr. Without limiting in any way tiie scope of the invention, one means for canying out the process of the present inven- 
tion is as foQows: in a stirred-tank reactor liquid 1 -txjtene monomer is introduced. The catalyst system Is introduced via 
nozzles in either the vapor or liquid phasa Feed ethylene gas is introduced either into the vapor phase of the reactor, 

30 or sparged into the liquid phase as is wei known in the art The reactor contains a liquid phase composed substantially 
of fiqukJ 1 -butene togettier witti dissolved ethylene gas, and a vapor phase containing vapors of an monomers. The 
reactor temperature and pressure may be controlled via reflux of vaporizing a-olefri monomer (autorefrigeration), as 
weD as by cooling coils, jackets etc. The polymerization rate is controlled by the concentration of catalyst The ethylene 
content of tine polymer product is deternnned by Ihe ratio of ethylene to 1 -butene in the reactor, which is controlled by 

35 manipulating the relative feed rates of these components to the reactor. 

Examples 

In the examples which illustrate ttie practice of the invention the analytical techniques descrtoed below were 
40 employed for the analysis of the resulting polyolefin products. Molecular weight determinations for polyoleftn products 
were made ty Gel Peoneation Chromatography (GPC) according to the following techraqua Molecular weights and 
molecular weight cfistrftxjtions were measured using a Waters 150 gel permeation chromatograph equipped witti a dif- 
ferential refractive index (DRO detector and a Chromatix (a registered Trade Mari<) KMX-6 on-line light scattering pho- 
tometer. The system was used at 135*C with 1 ,2.4-trichIorobenzene as the mobile phase Shodex (a Trade Marie of 
45 Showa Dento America, Inc.) polystyrene gei columns 802, 803, 804 and 805 were used. This technique is discussed 
in "Liquid Chromatography of Polymers and Related Materials III*. J. Cazes editor, Marcel Dekker, 1981 . p. 207 which 
is incorporated herein by referenca No corrections for column spreading were employed; however, data on generally 
accepted standards, e.g. National Bureau of Standards Polyetfiylene 1484 and anionically produced hydrogenated 
polyisoprenes (an altemating ethylene-propylene coF>oIymer) demonstrated that such corrections on Mw/Mn (« MWD) 
60 w r less than 0.05 units. Mw/Mn was cafouiated from elution times. The numerical analyses were performed using the 
commercially available Beckman/CtS customized LALLS software in conjunction witti ttie standard Gel Permeation 
package, rtn on a HP 1000 computer. 

The following examples are intended to aiustrate specific embodiments of tfie invention and are not intended to limit 
the scope of the invention. 

56 All procedures were performed under an inert atnrx)sphere of helium or nitrogen. Solvent choices are often optional, 
for example, in nwst cases either pentane or 30-60 petroleum ether can be interchanged. The IHhiated amkles were 
prepared from th corresporxling aminos and eittier Q-BuLi r MeU. Published methods for preparing UHC5M 4 include 
CM. Fendrick et al. QrgarTometanics. 1 819 (1984) and F.H. KOhler and K. H. D II, Z. Naturtorsch, 376, 144 (1982). 
Other Cthiated substituted cyclop ntadienyl compounds are typically prepared from th corresponding cydopentacfienyl 
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-/M ftHHfCI were purchased from iiher 
n orbvreactiondMeUwimtheproperfuh«ne Zra4M«^ 
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the pale tan solid was filtered off and washed se/eral times with small quantities of pentane. The product of enptr- 
ical tbrmula Me2Sia-BuH3C5)(N-l-Bu)ZrCl2 (2.43 g. 0.0059 moQ was isolated. 

Example D 

5 

Compound P: 

The same procedure of Example C for preparing compound C was foilcwed with the exception of the use of HfCl4 
in Part 4. Thus, when [Me2Sia-BuH3C5)(N-l-Bu)]U2 (3.29 g, 0.012 moQ and HfCl4 (4.0 g, 0.012 moQ were used, the 
10 product of the empirical formula Me2Si(t-BuH3C^(N-t-Bu)HfCl2 (1 86 g. 0.0037 mol) was produced. 

Example E 
Compgiind E: 

IS 

Part 1. MegSiClg (7.0 g, 0.054 mol) was dikJted with -100 ml of ettier. Me3StC5H4U (5.9 g. 0.041 moQ was slowly 
added. Approximately 75 mi of thf was added and the mixture was allowed to stir cvemigtit Tlie solvent was 
removed via a vacuum to a cold trap held at -1 96*^0. Pentane was added to precipitate out the UCl The mixture 
was filtered ttirough CeBte. The solvent was removed from the filtrate gh^ Me2Si(Me3SiC5H4)CI (8.1 g, 0.035 

20 moO as a pale yellow liquid. 

Part 2. Me2Si(Me3SiC5H4)CI (3.96 g. 0.017 moQ was diluted witii --50 ml of ether. UHN-l-Bu (1.36 g, 0.017 mol) 
was slowly added, and the mixtire was allowed to stir overnight. The eth^ was removed via a vacuum and pentane 
was added to precpitate the UCl. The mixture was filtered through Cefrte. and the pentane was removed from the 
filtrate. Me2Si(MQ3SiC5H4)(NH-l*Bu) (3.7 g, 0.014 moQ was Isolated as a pale yellow liquid. 

2S Part 3. Me2Si(Me3SiCV<4)(NH-t-Bu) (3.7 g, 0.014 mol) as diluted witii ettier. MeU (25 ml. 1.4M in ether, 0.035 mol) 
was slowly added. The nvxture was allowed to stir for 1.5 hours after the final addition of MeLi. The ether was 
removed via vacuum producing 4.6 g of a white solid formulated as Li2[Me2Si(Me^SiC5H3)(N-t-Bu)] • 3/4Et20 and 
unreacted MeLi wfuch was not removed from the sofid. 

Part 4. U2[M62Si(Me3SiC5H3)(N-t-Bu)| • 3/4E^O (1 .44 g, 0.0043 mol) was suspended in -^50 ml of ether. ZrC^ (1 .0 
30 g. 0.0043 mol) was slowly added and tfie reaction was aOowed to stir for a few hours. The solvent was removed via 
vacuum and pentane was added to predpitate the UCl. The n^xture was f atered through Celtte, and ttie filtrate was 
reduced in volume. The flask was placed in the freezer (-^O'C) to maximize precipitation of ttie product The solid 
was filtered off giving 0.273 g of an off white sofid. The filtrate was again reduced in volume, the precq3rtate filtered 
off to give an additional 0.345 g for a total of 0.62 g of tiie compound with enrpHcal formula M62SI(Me3SiC5H3)(N- 
35 t-Bu)ZrCl2. The x-ray crystal structure of tfus prochjct reveals that the compound is dimeric in nature. 

Example F 

Compound F: 

40 

Part 1 . Me4HC5SiMe2CI was prepared as described in Example A for ttie preparation of compound A, Part 1 . 
Part 2. UHNPh (4.6 g. 0.0462 mol) was cfissofved in -100 ml of ttif. Me4HC9SiMe2CI (10.0 g, 0.0466 mol) was 
slowly added. The mixture was allowed to stir overnight The ttif was removed via a vacuum. Petroleum ettier and 
toluene were added to precipitate the UCl. and ttie mixture was fStered tiirous^ Celite. The solvent was removed. 
45 leaving t^ind a dark yellow Rquid. Me^Si(Me4HC5)(NHPh) (1 0.5 g, 0.0387 moQ. 

Part 3, Me2Si(Me4HC5)(NHPh) {10.5.g, 0.0387 mol) was diluted witti -60 ml of ettier. MeU (1.4 M in ettier, 56 ml, 
0.0784 moO was slowly added and ttie reaction was allowed to stir overnight The resulting white solid. 
U2[Me2Si(Me4C5}(NPh) • 3/4Et20 (1 1 .0 g), was filtered off end was washed witti ettier. 

Part 4. U2[Me2Si(Me4C5)(NPh)-3/4Et20 (2.81 g, 0.083 mol) was suspended In -40 ml of ettier ZrCU (1.92 g. 
so 0.0082 mol) was slowly added, and ttie mixture was allowed to stir overnight The ettier was removed via a vacuum, 
and a mixture of petroleum ettier and toluene was added to precipitate the UCl. The mixture was filtered ttirough 
Celite, ttie solvent mixture was removed via vacuum, and pentane was added. The mixture was placed in the 
freezer at -40'*C to maximize ttie precipitation of ttie product The solid was tiien filtered off and washed witti pen- 
tane. Me2Si(Me4C5)(NPh)ZrCl2 * EtsO was recovered as a pale yellow solid (1 .89 g). 

55 
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Example Q 

Compound G: 

5 The same procedure of Example F for preparing compound F was followed with the excepti n of the use of HfCU 
in place of ZrC\4 In Part 4. Thus, when IJ2[Me2Si(Me4C5)(NPh)] • mEXzO (2,0 g. 0.0059 mo!) and HfCl4 (1 .89 g, 0.0059 
md) were used. Me2Si(Me4C5)(NPh)HfCl2 • l/aEtzO (1.70 g) was produced. 

Exarrylg H 

10 

nnmpound H: 

Part 1. MePhSia2 (14.9 g, 0.078 moO was diluted with -250 ml of thf. Me4C5HU (10.0 g. 0.078 moQ was slowly 
added as a solid. The reaction solution was allowed to stir overnight The solvent was renwved via a vacuum to a 
15 cold trap held at -196''C. Petroleum ether was added to precipitate out the UCl. The mixture was filtered through 
Celite, and the pentane was renKSved from the filtrate. MePhSi(Me4CsH)a (20.8 g. 0.075 mol] was isolated as a 
yellow viscous liquid. 

Part 2. UHN-l-Bu (4.28 g, 0.054 moQ was dissolved in *1 00 ml of thf. MePhSi(Me4C5H)a (15.0 g. 0.054 mol) was 
added drop wise. The yellow solution was allowed to stir overnight The solvent was removed via vacuum. Petro- 

20 leum ether was added to predpitate out the Lid. The nv'xture was filtered tfvough Celite, and the filtrate was evap- 
orated down. MePhSt(Me4C5H)(NHi-Bu) (16.6 g, 0.053 moQ was recovered as an extremely viscous liquid. 
Part 3. MePhSi(Me4C5H)(Nh4-l-Bu) (16.6 g. 0.053 moQ was diuted with *100 ml of ether. MeU (76 ml, 0.106 md. 
1 .4 M) was slowly added and the reaction mixture was allowed to stir for hours. The ether was reduced in vd- 
ume. and the lithium salt was fatered off and washed with pentane producing 20.0 g of a pale yellow solid fbrmu- 

26 lated as Li2[MePhSi{Me4Cs)(N.t-Bu] • 3/4E120. 

Part 4. IJ2[MePhSi(Me4C5)(N-l-Bu)] • Z/AEifi (5.0 g. 0.0131 moO was suspended in -100 ml of EtgO. ZrCU (3.06 
g, 0.01 31 nnol} was slowly added. The reaction mixture was allowed to stir at room temperature for -1 .5 hours over 
which time the reaction mixture slightly darkened in color. The solvent was removed via vacuum and a mixture of 
petroleum ether and toluene was added. The mixture was filtered through Celite to remove the ua. The f atrate was 

30 evaporated down to near dryness and f Itered off. The off white sdid was washed with petroleum ether. The yield 
of producf, MePhSi(Me4C5)(N-t-Bu)Zra2, was 3.82 g (0.0081 moQ. 

Example I 

35 CorrpQund I: 

U2[MePhSi(Me4C5)(N-t-Bu)] • 3/4Et20 was prepared as described in Example H for the preparation of compound 
H. Part 3. 

40 Part 4. Lj2[MePhSi(Me4C5)(N-t-Bu)l • 3/4EteO (5.00 g, 0.0131 md) was suspended in -100 ml of EtaO. Hfa4 (4.20 
g, 0.0131 mol) was slowly added and the reaction mixture was allowed to stir overnight The solvent was removed 
via vacuum and petroleum ether was added to precipitate out the Lid. The mixture was f atered through Celite. The 
filtrate ¥vas evaporated down to near dryness and f Otered off. The off white so6d was washed with petroleum ether. 
MePhSI(Me4C5)(N-t-Bu)HfCl2 was recovered (3.54 g, 0.0058 mole). 

45 

Example J 

CompoMndyl: 

60 MePhSi(Me4C5)(N-t-Bu)HfMe2 was prepared by adding a stoichiometric amount of MeU (1.4 M in ether) to 
MePhSi{Me4C5)(N-l-Bu)HfCl2 suspended in etfier. The white solid could be isdated in near quantitative yield. 

Exarnpl^ K 

55 ConnpQurKi K: 

Part 1 . Me4C5SiMe2CI was prepared as described in Example A f r the preparation of connpound A. Part 1 . 
Part 2. Me4C5SiMe2a (10.0 g, 0.047 mol) was diluted with -25 ml Et20. UHNC5H4-P-Q-BU • 1/10Et2O (7.57 g. 
0.047 md) was added slowly The mixture was allowed to stir for -3 hours. The solvent was removed via vacuum. 
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Petroleum ether was added to prectprtate out ttie UCI. and the mixture was filtered through Cefite. The solvent was 
r moved leaving behind an orange viscous liquid, Me2SKMe4C5H)(HNC6H4-p-Q-Bu) (12.7 g. 0.039 moQ. 
Part 3. Me2Si(Me4C5H)(HNC6H4-p-Q-Bu) (12.7 g. 0.039 mol) was diluted with -50 ml of E%0. MeU (1.4 M, 55 ml, 
0.077 moQ was slowly added. Th mixture was allowed to stir lor -3 hours. The product was filtered off and washed 
with EXzO producing IJ2[Mo2Si(M 4C5){NC6H4-p-n-Bu)l • 3/4Et20 as a white sofid (13.1 g, 0.033 mol). 
Part 4. IJ2|Me2Si(Me4C5)(NC6H4-p-fl^)l • mEtfi (3.45 g. 0.0087 moQ was suspended in -50 ml of Et^. Zra4 
(2.0 g, 0.0086 moO was slowly added and the mixture was allowed to stir overnight The ether was removed via vac- 
uum, and petroleum ether was added to precipitate out the UCI. The mixture was f itered through Celita The f 3trate 
was evaporated to dryness to give a yellow solid which was recrystaQized from pentane and identified as 
Me2Si(Me4C5)(NC6H4-p-ihBu)Zra2 • 2y3Et20 (4.2 g). 

Example L 
Comppund L: 

IJ2[Me2Si(Me4C5}(NC$H4-p-a*6u)] • SMEtgO was prepared as deserved in Example K for the preparation of com- 
pound K. Part 3. 

Pan 4. U2[Me2Si(Me4Cs)(NC6H4-p-a-Bu) • 3/4E^O (3.77 g, 0.0095 moQI was si^ended in -50 mi of Et20. Hfa4 
(3.0 g, 0.0094 moQ was slowly added as a sofid and the mixture was allowed to stir overreght The ether was 
removed via vacuum arxl petroleum ether was added to precipitate out the UCI. The mixture was filtered through 
Gelita Petroleum etfier was removed via a vacuum giving an off white sofid wNch was recrystalfized from pentane. 
The product was identified as Me2Si(Me4G5XNC6H4-pihBu)HfGl2 0 *^ Q' 0.0027 moQ. 

Examples 5-1 1 . 22. 24. 26, 28, 31 , 33. 35-37 are examples of copolymerization of the inventioa Examples 1-4. 12- 
21 . 23, 25. 27. 29, 30, 32, 34 are illustrative examples of homopolymenzation 

Example 1 

Pplvmerization - OompQund A 

The polymerization run was performed in a l-fiter autoclave reactor equipped with a paddle stirrer, an external 
water jacket for temperature control, a regulated supply of dry nitrogen, ethylene, propylene, 1-butene and hecane. and 
a septum inlet for introduction of other solvents, transition metal coirpound and alumoxane solutions. The reactor was 
dried and degassed thoroughly prior to use. A typical run consisted of ir^ecting 400 ml of toluene. 6 ml of 1.5 M MAO. 
and 0.23 mg of compound A (0.2 mlofa11.5mgin10mlof toluene solution) into the reactor. The reactor was then 
heated to 80^0 and the ethylene (60 psQ was introduced into the system. The polymerization reaction was fimited to 30 
minut s. The reaction was ceased by rapidly cooBng and venting the system. The solvent was evaporated off of the pol- 
ymer by a stream of nitrogen. Polyetiiylene was recovered (9.2 g. MW = 257.200, MWD = 2.275). 

Example 2 

Polvmerization - Compound A 

The polymerization was earned out as in Example 1 with the following changes: 300 ml of toluene. 3 ml of 1.5 M 
MAO. and 0.1 1 5 mg of compound A (0.1 ml of a 1 1.5 mg in 1 0 ml of toluene solution). Polyethylene was recovered (3.8 
g. MW « 359,800, MWD « 2.425). 

^xarnple 3 

Polvmerization - Compound A 

The polymerization was carried out as in Example 2 using the identical concentrations. The cfifforence involved run- 
ning the reaction at 40^C rather than 80'C as in the previous example. Polyethylene was recovered (2.4 g. MW s 
635.000. MWD = 3.445). 
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Example 4 

PDlymerization ■ Compound A 

The polymerization was carried out as in Example 1 except for the use of 300 ml of hexane in place of 400 ml of 
toluene. Polyethylene was recovered (5.4 g. MW - 212.600. ^4WD - 2.849). 

Exarole 5 

Polymerization - Compound A 

Using the same reactor design and general procedure as in Example 1 , 300 ml of toluene, 200 ml of propylene. 6.0 
ml of 1 .5 M MAO, and 0.46 mg of compound A (0.4 ml of a 1 1 .5 mg in 1 0 n^ of toluene solution) was introduced into the 
reactor. The reactor was heated to SO^'C, the ethylene was added 4.1 3 bar (60 psO, and the reaction was allowed to run 
for 30 minutes, followed by rapidly cooling and venting the system. After evaporation of the solvent. 13.3 g of an ethyl- 
ene-propylene copolymer was recovered (MW = 24,900. MWD « 2.027. 73.5 SCB/1000C by IR). 

Example 6 

Polymerization • Compound A 

The polymerization was carried out as in Example 5 except with the following changes: 200 mi of toluene and 0.92 
mg of compound A (0.8 ml of a 11.5 mg vi 10 ml of toluene solution). The reaction temperature was also reduced to 
60'C. An ethyieneijropylene copolymer was recovered (6.0 g. MW « 83,100, MWD « 2.370. 75.7 SCB/1000C by IR). 

Example 7 

Polymefization ■ Compgund A 

Using the same reactor design and general procedure as in Exanple 1, 150 ml of toluene. 100 n^ of 1-butene, 6.Q . 
ml of 1 .5 M MAO, and 2.3 mg of compound A (2.0 mlofa11.5mgin10mlof toluene solution) were added to the reac- 
tor. The reactor was heated at 50^0, the ethylene was introduced 4.48 bar (65 psO. and tfie reaction was allowed to run 
for 30 minutes, followed by rapidly cooling and venting tfie system. After evaporation of the toluene, 25.4 g of an ethyl- 
ene-butene copolymer was recovered (MW « 184.500, MWD = 3.424. 23.5 SCB^OOOC by ^^0 NMR and 21.5 
SCB/1000CbylR). 

Exanple 8 

Polymerizertion ■ Compognd A 

The polymerization was carried out as hi Example 7 except with the following changes: 1 00 ml of toluene and 1 50 
ml of 1-butene. An ethyiene-butene copolymer was recovered (30.2 g. MW » 143,500. MWD « 3.097. 30.8 SCB/1000C 
by ^^C NMR and 26.5 SCB/1000C by IR). 

Example 9 

Polymerization - Compound A 

The polymerization was canied out as in Example 7 except with the following changes: 200 ml of toluene, 8.0 ml of 
1.0 M MAO, and 50 ml of 1-butene. An ethyiene-butene copolymer was recovered (24.9 g. MW - 163.200. MWD - 
3.290. 23.3 SCB/1000C by ^^0 NMR and 18.9 SCB/1000C by IR). 

Example 10 

Polymerization - Compound A 

Th polymerizati n was cam' ed out as in Exanple 9 except for th replacement off 200 ml of toluene with 200 mi of 
hexane. An ethyiene4xjten copolymer was recovered (19.5 g. MWo 150.600, MWD«3.510. 12.1 SCB/1000 Gby ^^C 
NMR and 12.7 SCB/1000C by IR). 
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Example 11 

Polvmerization - Compound A 

The polymerization was canied out as In Example 10 except with the following changes: 150 mt of hexane. and 100 
ml of 1-butene. An ethyfene-lxjtene copolymer was recovered (16.0 g, MW - 1 16,200, MWD - 3.158. 19.2 SCB/1000C 
by ^^C NMR and 19.4 SCB/1000C by IR). 

Example 12 

pQlymerizatiQn - Compound A 

Using the same reactor design and general procedure already described, 400 ml of toluene, 5.0 ml of 1.0 M MAO, 
and 0.2 ml of a preactivated compound A solution (1 1 .5 mg of compound A dissolved In 9.0 ml of toluene and 1 .0 mt of 
1 .0 M MAO) were added to the reactor. The reactor was heated to 80'C, the ethylene was introduced (60 psi), and the 
reaction was allowed to run for 30 minutes, followed by rapidly cooling and venting the system. After evaporation of the 
solvent 3.4 g of polyethylene was recovered (MW = 285,000, MWD » 2.808). 

Eyampig 13 

Pplyrriyizatign - gpmpwni;! A 

A polymerization was carried out as in Example 12 with exception of aging the preactivated oompoufKf A solution 
by one day. Polyethylene was recovered (2.0 g, MW = 260,700, MWD » 2.738). 

Exqmplg 14 

Polymerization - Compound A 

Using the same reactor design and general procedure already described, 400 ml of toluena 0.25 ml of 1 .0 M MAO, 
and 0.2 ml of a preactivated compound A solution (1 1 .5 mg of compound A dissolved in 9.5 mi of toluene and 0.5 ml of 
1.0 M MAO) were added into the reactor. The reactor was heated to SO^'C, the ethylene was introduced 4.13 bar (60 
psi), and the reaction was allowed to run for 30 minutes, followed by rapidly cooling and v^ng the system. After evap- 
ration of the solvent 1.1 g of polyethylene was recovered (MW t= 479,600, MWD = 3.130). 

Example 15 

Pplymylzation ■ Compgynd A 

Using the same reactor design and general procedire already described, 400 ml of toluene and 2.0 ml of a preac- 
tivated compound A solution (11.5 mg of compound A dissolved in 9.5 ml of toluene and 0.5 nnl of 1.0 M MAO) were 
added into tfie reactor. The reactor was heated to SO^'C. the ettiylene was introduced 4.13 bar (60 psQ, and the reaction 
was allowed to run for 30 minutes, followed by rapidly cooling and venting the system. After evaporation of the solvent, 
1 .6 g of polyethylene was recovered (MW - 458,800, MWD - 2.037). 

Example 16 

PplymyizfttiOO - Cpmppyind A 

Using the general procedure already described, 400 ml of toluene, 5.0 ml of 1 .0 M MAO, 0.23 mg of compouKl A 
(0.2 ml of a 11 .5 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80°C, the ethylene 
introduced 27.6 bar (400 psi), arxd the reaction was allowed to run for 30 minutes, followed by rapidly cooling and vent- 
ing the system. After evaporation of the solvent 1 9.4 g of polyethylene was recovered (MW = 343,700, MWD s 3.674). 
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Example 17 

P^lypiftriMtion ■ Compound A 

5 The polymerization was peribrmed in a stirred 100 ml stainless steel autoclave which was equipped to perfomi 
polymerizations at pressures up to 40.000 psi and tenperatures tp to 300*^0. The reactor was purged with nitrogen and 
heated to 160*'C. Compound A and alumoxane solutions were prepared In separate viala A stock solution was pre- 
pared by dissolving 26 mg of compound A In 100 ml of toluene. The conpound A solution was prepared by diluting 0.5 
ml f the stock solution with 5.0 ml of toluene. The alumoxane solution consisted of 2.0 ml of a 4% MAO solution added 

10 to 5.0 ml of toluene. The compound A solution was added to the alumoxane solution, then 0.43 ml of the mbced solutions 
were transferred by nitrogen pressure into a constant-volume injection tube. The autoclave was pressurized with ethyl- 
ene to 1784 bar and was stirred at 1500 rpm. The trixed solutions were injected into the stin-ed reactor with excess 
pressure, at which time a temperature rise of 4*C was observed The temperature and pressure were recorded contin- 
u usiy for 120 secondSp at which time the contents of tfie autoclave were rapidly vented into a receiving vessel. The 

15 reactor was washed with xylene to recover any additional polymer remaining witiiia These washings were combined 
with the polymer released when the autoclave was vented to yield 0.7 g of polyethylene (MW b 245.500. MWD a 2.257). 

gxample 18 

20 Polymerization ■ Compound B 

Using the general procedure described in Example 1. 400 ml of toluene, 5.0 ml of 1.0 M MAO and 0.278 mg com- 
pound B (0.2 ml of a 13.9 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80*'C 
and the ethylene 4.13 bar (60 psi) was introduced into the system. The polymerization reaction was fimlted to 10 min- 
25 utes. The reaction was ceased by rapidly coding and venting the system. The solvent was evaporated off ttie polymer 
t>y a stream of nitrogen. Polyettiylene was recovered (9.6 g, MW « 241,200, MWD e 2.628). 

Example 19 

30 Polymerization - Compound C 

Using the general procedures described in Example 1. 300 ml of toluene, 4.0 ml of 1.0 M MAO and 0.46 mg com- 
pound C (0.4 ml of a 1 1 .5 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to dO^'C 
and the ethylene 4.13 bar (60 psi) was introduced into tfie system. The polymerization reaction was Emited to 30 min- 
35 Utes. The reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a sti^eam of nitrogen. Polyettiylene was recovered (1.7 g, MW = 278,400, MWD = 2.142). 

Examole 20 

40 Polymerizatign - Cgmpound P 

Using the general procedure described in Example 1, 400 ml of toluene, 5.0 ml of 1.0 M MAO and 0.278 mg com- 
pound D (0.2 ml of a 13.9 mg In 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80°C 
and the ethylene 4.13 bar (60 psi) was introduced into tiie system. The polymerization reaction was Emited to 30 min- 
45 Utes. The reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off tfie polymer 
by a stream of nitrogen. Polyettiylene was recovered (1.9 g. MW = 229,700, MWD = 2.618). 

Example 21 

60 Poiymerlzatiori - CQmppurxi g 

Using the general procedure described in Example 1, 300 ml of hexane, 9.0 ml of 1.0 M MAO and 0.24 mg com- 
pound E (0.2 ml of a 12.0 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80*C 
and the ettiylene 4.13 bar (60 psi) was introduced into the system. The polymerization reaction was Emited to 30 min- 
55 utes. The reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a stream of nitrogen. Polyettiylene was recovered (2.2 g, MW - 258.200. MWD - 2.348). 
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ExamplQ 22 

Polymerization - Compound E 

*■ 

Th polymerization was carried out as In Example 1 with the tbilowino reactor contents: 200 ml of toluene, 100 ml 
1-lxrtene. 9.0 ml of 1.0 M MAO and 2.4 mg of compound E (2.0 ml of a 12.0 mg In 10 ml of toluene solution) at 50*C. 
The reactor was pressurized with ethylene 4.48 bar (65 psO, and the reaction was allowed to run for 30 minutes, fol- 
lowed by rapidly cooling and venting the system. After evaporation of the solvent* 1.8 g of an ethyiene-butene copoly- 
mer was recovered (MW « 323.600. MWD s 2.463. 33.5 SCB/1000C by IR technique). 

Example 23 

PolyrpyizfltiQn - CQfTPPMntf E 

The polymerization was carried out as in Example 1 with the following reactor corxiitions: 400 ml of toluene. 5.0 ml 
of 1.0 M MAO. 0.242 mg of compound F (0.2 ml of a 12.1 ring in 10 ml of toluene solution). 80**C, 4.13 bar (60 psi) eth- 
ylene. 30 minutes. The run provided 5.3 g of polyethylene (MW = 319.900. MWD » 2.477). 

Example g4 

Polymerization - Compound F 

The polymerization was carried out as in Example 1 with the following reactor oondrtions: 1 50 ml of toluene. 1 00 ml 
of 1-butene. 9.0 ml of 1.0 M MAO, 2.42 mg of compound F (2.0 ml of a 12.1 mg In 10 ml of toluene solution). SO^'C. 4.48 
bar (65 psQ ethylene, 30 minutes. The nm provided 3.5 g of an etiiylene-butene copolymer (MW • 251.300. MWD • 
3.341, 33.28 SCB/1000C by IR technique). 

*. 

Example 25 

PglymerizatiQn - Cgmpgwnd Q 

The polymerization was carried out as in Example 1 with the following reactor conditions: 400 ml of toluene, 5.0 ml 
of 1.0 M MAO, 0.29 mg of compound Q (0.2 ml of a 14.5 mg in 10 of toluene solution), 80*'C, 4.13 bar (60 psi) eth- 
ylene. 30 minutes. The run provided 3.5 g of polyethylene (MW = 237.300, MWD = 2.549). 

Exqmpjg 26 

PQiypigrizatiPn ■ CgrrpQMnd Q 

The polymerization was carried out in Example 1 witii the following reactor corxiitions: 150 ml of toluene, 100 ml of 
1-butene, 7.0 ml of 1.0 M MAO, 2.9 mg of compound G (2.0 ml of a 14.5 mg in 10 ml of toluene solution). 50*C, 4.48 
bar (65 psQ ethylene. 30 minutes. The run provided 7.0 g of an etfiylene-butene copolymer (MW = 425.000. MWD « 
2.816. 27.1 1 SCB/1000C by IR technique). 

Example 27 

Polymerization > Compound H 

The polymerization was carried out as In Example 1 with the following reactor conditions: 400 ml of toluene, 5.0 ml 
of 1.0 M MAO, 0566 mg of compound H (0.2 ml of a 13.3 mg in 10 ml of toluene solution). 80»C, 4.13 bar (60 psi) eth- 
ylen , 30 minutes. The run provided 1 1.1 g of polyethylene (MW = 299.800. MWD = Z569). 

Example 28 

PQlymerigation - Compound H 

The polymerization was carried ut as in Exempt 1 with the following reactor conditions: 150 ml of tduen ,100 ml 
f 1-but ne. 7.0 ml of 1 .0 M MAO, 2.66 mg of compound H (2.0 ml of a 13.3 mg in 10 ml of tofuen solution), 50*C, 4.48 
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bar (65 psQ ethylene, 30 minutes. The run provided 15.4 g of an ethylene-butene copolymer (MW ^ 286,600. MWD » 
2.980, 45,44 SCB/1 OOOC by IR technique). 

Example 29 

5 

PplyrnQrigation - Compound I 

The polymerization was carried out as in Example 1 with the fbOowing reactor conditions: 400 ml of toluene, 5.0 ml 
of 1 .0 MAO, and 0.34 mg of compound I (0.2 ml of a 1 7.0 mg in 1 0 ml of toluene solution) was added to the reactor. The 
10 reactor was heated to SO^C, the ethylene was introduced (60 psi), and the reaction was allowed to run for 30 minutes, 
followed by rapidly cooling and venting the system. After evaporation of the solvent 0.9 g of polyethylene was recovered 
(MW - 377,000, MWD - 1.996). 

g^cample 30 

IS 

Polymerizaftion - Compound J 

The polymerization was carried out as in Example 1 with the following reactor conditions: 400 mA of toluene. 5.0 ml 
of 1.0 M MAO, 0.318 mg of compound J (0.2 ml of a 15.9 mg in 10 n^ of toluene solution), 80''C, 60 psi ethylene, 30 
20 minutes. The run provided 8.6 g of polyethylene (MW = 321 ,000, MWD = 2.803). 

Example 31 

Potymerization - Conpound J 

25 

The potymerizalian was carried out as in Example 1 with the following reactor conditions: 150 ml of toluene, 100 ml 
of 1 -butene, 7.0 ml of 1 .0 M MAO, 3. 1 8 mg of Compound J (2.0 ml of a 1 5.9 mg in 10 ml of toluene solution), 50**C. 4.48 
bar (65 psQ ethylene, 30 minutes. The run provided 11.2 g of an ethylene-butene copolymer (MW = 224,800, MWD = 
2.512, 49.57 SCB/1000C by IR technique, 55.4 SCB/1000C by NMR technique). 

30 

Example 32 

PolymerizatiQn - OompQMn<j K 

35 The polymerizaliort was caried out as in Example 1 with the following reactor condtons: 300 ni of toluene, 5.0 ml 
of 1.0 M MAO, 0.272 mg of compound K (0.2 ml of a 13.6 mg in 10 ml of toluene solution), 80*^0, 4.48 bar (60 psi) eth- 
ylene, 30 minutes. The run provided 26.6 g of polyethylene (MW - 187,300. MWD - 2.401). 

Exarrole 33 

40 

PolymyizatiQn - ComppMrX^ K 

The polymerization was carried out as in Example 1 with the following reactor conditions: 150 ml of toluene, 100 ml 
of 1 -butene, 7.0 ml ofl .0 M MAO, 2.72 mg of compound K (2.0 ml of a 1 3.6 mg in 10 ml of toluene solution), 50*0, 4.48 
45 bar (65 psi) ethylene, 30 minutes. The run provided 3.9 g of an ethylene-butene copolymer (MW = 207,600, MWD = 
2.394. 33.89 SCB/1 OOOC by IR technique). 

Example 34 

60 Polvmerization - Corrpound L 

The polymerization was carried out as in Exanple 1 with the following reactor conditions: 400 ml of toluene, 5.0 ml 
of 1 .0 M MAO. 0,322 mg of conpound L (0.2 rrt of a 16.1 mg in 10 ml of toluene solution), 80"C, 4.13 bar (60 psi) eth- 
ylene, 30 minutes. The nm provided 15.5 g of polyethylene (MW = 174,300, MWD = Z193). 

55 
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Example 35 

Polymerization » ComoounclA 

The polymerization was carried out as in Example 1 with the following reactor contents: 250 ml of toluene, 150 ml 
of 1 -hexene. 7.0 ml of 1.0 M MAO and 2.3 mg of compound A (2.0 ml of a 1 1 .5 nig in 10 ml of toluene solution) at 50* 
C. The reactor was pressulzed with ethylene 4.48 bar (65 psi), and the reaction was allowed to run for 30 minutes, fol- 
lowed by rapidly cooling and venting the system. After evaporation of the solvent 26.5 g of an ethylene-hexene copol- 
ym r was recovered (MW = 222.800. MWD = 3.373, 39. 1 SCB/1 OOOC by IR technique). 

Example 36 

Polymerization * Conpound A 

The polymerization was earned out as in Example 1 with the following reactor contents: 300 ml of toluene. 100 ml 
of 1-octene. 7.0 ml of 1.0 M MAO and 2.3 mg of compound A (2.0 ml of a 11.5 mg in 10 ml of toluene solution) at 50* 
G. The reactor was pressurized with ethylene 4.48 t>ar (65 psO. and the reaction was allowed to run for 30 minutes, fol- 
lowed by rapidly cooling and venting the system. After evaporation of the solvent 19.7 g of an ethylene-octene copoly- 
mer was recovered (MW - 548.600, MWD « 3.007, 16.5 SCB/1 OOOC by ^^C NMR technique). 

Example 97 

Polymerization - Compound A 

TTie polymerization was carried out as in Example 1 with the following reactor contents: 300 ml of toluene, 100 ml 
of cis-1 ,4-hexadiene. 7.0 ml of 1 .0 M MAO and 2.3 mg of compound A (2.0 mlofa11.5mgffi10mlof toluene solution) 
at 50'' C. The reactor was pressurized with ethylene 4.48 bar (65 psQ, and the reaction was allowed to run for 30 min- 
utes, followed by rapidly cooling and venting the system. After evaporation of the solvent 13.6 g of an ethylene-cia-1 ,4- 
hexadiene copolymer was recovered (MW « 163,400, MWD = 2.388, Z2 mole% detemnined by ^^C NMR). 

T^e 2 summarizes the polymerization conditions employed and the properties obtained in the product polymers 
as set forth in Examples 1-37 above. 
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It may be seen that the requirement for th alunrwxane component can be greatly din^ished by premixing the cat- 
alyst with the alumoxan prior t initiation of the polymerization (see Examples 1 2 through 1 5). 

Byappropriat selection of (1) the Group IV B transition metal component for us In the catalyst system; (2) th 
type and amount of alumoxan used; (3) the polymerization diluent type and volume; and (4) reaction temperatur ; (5) 
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reaction pressure, one may tailor th product polyiner to the weight average molecular weight valu desired while still 
maintaining the molecular weight distrtoution to a value below atxHit 4.0. 

The prefenedpolymerizatkxi diluents for practice of the process of th invention ar aromatic diluents, such as tol- 
uene, or alkanes. such as hexana 

The resins that are prepared in accordance with this invention can t>e used to make a variety of products including 
films and f i3er8. 



1 . A process for olefin polymerizatioa comprising polymerizing ethylene and a monomer selected from 03-620 a-de- 
fin or a C5-C20 diol^in in the presence of a catalyst system comprising (A) a compound of the general fonmula: 



wherein M Is Zr. Hf or Ti; 

(C5H5.y.xRx) is a cydopentadlenyl ring which Is substituted with from zero to five groups R. Y Is 0, 1 . 2, 3. 4 or 5 
denoting the degree of substitution, and each R is, independently, a radical selected from a grot^ consisting of C^- 
C20 hydrocart>yl radicals, substituted C^-Cso hydrocartsyl nadcals wherein one or more hydrogen atoms is replaced 
by a halogen atom. C1-C20 hydrocart>yl-substituted metafloid radicals wherein tfie metalloid is selected from the 
Group IVA of the Periodic Table of Bements and halogen racficals; 

(JR z-i.y) is a heteroatom Bgand \n which J is an element with a coordination number of three from GrouQ VA or an 
element with a coordination number of two from Group VIA of the Periodic Table of Elements, each R' is, independ- 
entiy, a radical selected from a group consisting of Ci -C20 hydrocaibyl radicals, substituted -C20 hydrocaritjyl rad- 
icals wherein one or more hydrogen atoms is replaced by a halogen atom, and "z" is the coordination number of 
the element J; 

each Q and Q' is. independentiy, halogen, hydride or a substituted or unsutjstituted C1-C20 hydrocartjyl, alkoocide. 
arytoxide. amide, arylamWe. phosphide or aryiphosphide provided that where Q or is a hydrocarbyl such Q or Q' 
is different from C5H5.y.xRx or both Q and Q* together are an alkylidene or cyclometallated hydrocaibyl and M' has 
the same meeming as M; 

"y" is 0 or 1 when w is greater than 0; y is 1 when w is 0, when V is 1 , B is a covalenl bridging group containing a 
Group IVA or VA element; and 

L is a neutral Lewis base where denotes a number from 0 to 3 and 
(B) an alumoxane 
with the exclusions of: 

i)polym rtzing ethyl ne and vinyl ar matic monomer; and 



Claims 




(CH R) 

^ 5 5-y-x r 



or 
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ii) where th compound (A) is (r^t4xitylamino)(dimethyO(Ti®-2,3,4,5-t^ramethy1cyd zirco- 
nium dichlorlde, polymerizing ethiylene and 1-hexene or 4-methyl-1-pentena 

2. A process according to claim 1 which is a liquid phas polymerization. 

3. A process accordng to claim 2 wherein ethylene is submitted to a reaction zone at pressures of from 1 .3. 10'^ bar 
to 3445 bar and a reaction temperature from -1 OC'C to 300* C. 

4. A process according to claim 1 where the a-oldin is 1 -butene or 1 -octene. 

5. A process acconjing to claim 1 or claim 4 in which the alumoxane is methylalumoxane having an average degree 
of oligomerization of from 4 to 25. 

6. A process according to any of the preceding claims in which the resultir^ polymer has an Mw/Mn ci from 1 .5 to 
15 15.0. 

7. A process according to any of the preceding claims in which the resulting polymer has a weight average molecular 
weight of from 1000 to 5 million. 

20 8. Use of a compound of the general formula: 



10 



25 



8, 



30 (JR* , ) 

z-1-y 



35 



or 



(C K RJ 
^ S 5-y-x x' 



40 



45 



B. 



M 



Q' 



B 



z-1-y 



Q 



(C H R ) 

^ 5 5-y-x x' 



so wherein M is Zr, Hf or Tl; 

(C5H5.y.xRx) is a cydopentadienyl ring which is substituted with from zero to five groups R. "x" is 0, 1, 2, 3, 4 or 5 
denoting the degree of substitution, and each R is. independently, a radical selected from a grotp consisting of Cr 
hydrocarfeyl radicals, substituted C1-C20 hydrocariayl radicals wherein one or iDore hydrogen atoms Is replaced 
by a halogen atom, C1-C20 hydrocarbyl-substituted metalloid radicals wherein the metalloid is selected from the 

55 Group IVA of the Periodic Table of Elements and halogen radicals; 

(JR z-vy) *s a heteroatom ligand in which J is an element with a coorcfination number of thre from Group VA or an 
element with a coordination number of two from Group VIA of the Periodic Table of Elements, each R* is, independ- 
ently, a radical s lected fr m a group consistbig of -Cgo hydrocartjyl radicals, substituted -C20 hydrocart>yl rad- 
icals wh rein one or more hydrogen atoms is replaced by a halogen atom, and "z" is the coordination nun*er of 
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the element J; 

each Q and Q* is. independently, halogen, hydride or a sii>strtuted r unsubstituted CrCzo hydrocart^yt. all^oxide, 
arytodd . amid . arytamide. phosphide or arytphosphide provided that where Q or Q* is a hydrocarbyl such Q or Q' 
is different from CsHsyuxRx or both Q and Q* together are an allcylidene or cyclometallated hydrocaibyl and M* has 
the sam meaning as M; 

•y is 0 r 1 when w is greater than 0; y is 1 when w is 0, when y is 1. B is a covalent bridging group containing a 
Groip IVA or VA element; and 

L is a neutral Lewis base where "w" denotes a number from 0 to 3 

in the ol^in polymerization of ethylene and a monomer selected from C3-C20 a-deftfi or a C5-C20 dtolefin 
with the exclusions of: 

i) polymerizing ethylene and vinyl aromatic nronomer; and 

ii) where the corrpound (A) is (N-t-butylamino)(dimethyO(T|^-2.3,4.5-tetrametfiylcyclopentadienyOsilane zirco- 
nium dicNoride, polymerizing ethylene arxi 1 -hexene or 4-methyl-1 -pentena 

9. The use as claimed in claim 8 in a liquid phase polymerisation. 

10. The use as claimed in claim 9 'ma liquid phase polymerisation wherein ethylene is submitted to a reaction zone at 
pressures of from 1.3.10"^ bar to 3445 bar and a reaction temperature from -1 00*^0 to 300'*C. 

PatentansprQche 

1. Verfahren zur Olefinpdymerisation, bei dem Ethylen und ein Monomer ausgewfthlt aus C3- bis C^o-a-Olefin oder 
einem C5- bis C2o-Diolefin in Gegenwart eines Katalysatorsystems polymerisiert werden. das (A) eine Veft)indung 
mit der allgemeinen Formel 




in der M Zr, Hi Oder Tl ist: 

(C5H5.y.xRx) ein Cyclopentacfienylring ist, der mit null bis fOnf Gruppen R substituiert ist. "x" 0, 1 . 2, 3. 4 oder 5 ist 
und den Substitutionsgrad bedeutet und jedes R jeweils unabhdngig ein Rest ausgewdhlt aus einer Qruppe beste- 
hend aus Cy bis C2o-*<o^ilenwasserstoffresten. substituierten C^- bis Cao-Kbhlenwasserstoffresten. in denen ein 
Wasserstoffatom oder mehrere Wasserstoffatome durch ein Haiogenatom ersetzt ist/sind. Cf bis C2o-kohlenwas- 
serstoffeubstrtuierten Metalloidresten. in denen das Metalloid ausgewawt ist aus der Gruppe IV A des Periodensy- 
stems der Elemente. urxJ Halogenresten ist: 

(JRz.^.y) in Heteroatomligand ist. in dem J ein Element mit etnef Kbordinationszahl von drei aus der Gnpp V A 
od r ein Element mit einer Kbordinationszahl von zwei aus der Qrupp VI A des Periodensyst ms der Element 
ist jedes R* jeweils unabhdngig ein Rest ausgew&hit aus einer Qruppe best hend aus bis C2o-Koblenwasser- 
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stoffresten und substituierten C^- bis C2o-Kbhlenwasserstoffresten. in denen ein Wasserstoffatom oder mehrere 
Wasseretcf^tom durch ein Halogenatom ersetzt worden ist/sind, und "z" die Kbordinationszahl des Elementes J 



jedes Q und Q* jeweils unabhdngig Halogen, HydrkJ oder ein substituierter oder unsubstituierter Cy bis Cso-Kbh- 
lenwasseretoff, Altodd, Ary^oxid, Ai«d, Arylaniid, Phosphid oder Ary^>hosphjd ist mit der MaBgabe, daS sich die- 
ses Q Oder Q* von C5H5.y.xRx unterscheidet, wenn Q oder Q' ein Kbhlenwasserstoff ist, oder beid Q und Q' 
zusammen ein Alkyliden oder cydometaBierter Kbhlenwasserstoff sind, und M' die gtelche Bedeutung wie M hat; 
Y flleich 0 Oder 1 Ist wenn w grOBer als 0 ist; y gieich 1 ist, wenn w gleich 0 ist; wenn "y" gleich 1 ist B eine kova- 
lente BnQckengruppe ist. die ein Gruppe IV A oder V A Element enthdit und 
L eine neutrale Lewisbase Isi, wobei *V eine Zafil von 0 bis 3 bedeutet 
und (B) ein Alunrioxan unnfaBt, 
unter AusschluB 

(i) einer Polymerisation von Ethyten und vinytaronTatischem Monomer und 

(ii) einer Polymerisation von Etfylen und 1-Hexen oder 4-MetiTyl-1 -penten, wenn die Veibindung (A) (N-t-Butyl- 
anTino)(dimethyl)(n®-2,3.4,5-tetrametfiyIcyclopentadienyl)^ 

Verfahren nacfi Ansprucfi 1 . das eine ROssigphasenpolymerisation ist 

Verfafven nach Ansprucfi 2, bei dem Etfrylen bei DrOcken von 1,3 x 10*^ bar bis 3445 bar und einer Realdionstem- 
peratur von -100 *C bis 300 ""C in eine Reaktionszone gefOfirt wind. 

Verfafven nacfi Anspruch 1, bei dem das a-Olefin 1-Buten oder 1-Octen ist 

Vertafven nacfi Ansprucfi 1 oder Ansprucfi 4, bei dem das Alumoxan Metfiylalwrwxan mft einem durcfiscfintttlicfien 
Oligomerisierungsgrad von 4 bis 25 ist 

Verfahren nach einem der vorhergehenden AnsprQche, bei dem das resultierende Polymer ein MJMn von 1 .5 bis 
15,0 hat 

Verfahren nach einem der vorhergehenden AnsprQche. bei dem das resultierende Polymer ein durchschnittiiches 
Molekulargewicht (GewichtsmrtteQ von 1 000 bis 5 000 000 hat 

Verwendung einer Verbindung mit der allgemeinen Fomnel 



ist: 




(JR* 



z-l-y 



Oder 



/ 





\ 



0 



B 



z-l-y 



in der M Zr. Hf oder Ti ist; 
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(CsHs-y-x^x) ein Cydopentacfienylring ist der mit null bis fQnf Gruppen R substituiert ist "x" 0. 1, 2, 3, 4 Oder 5 ist 
und den Substitutionsgrad bedeutet und jedes R Jewells unabhdngig ein Rest ausgewdhit aus einer Gruppe beste- 
hend aus Cr bis C2o-^lenwas6erstoffresten, substituierten Ci- bis CTo-Kbhlenwasserstoffresten, in denen ein 
Wasserstoffatom od r me^ere Wasserstoffatome durch ein Halogenatom ersetzt tst/sind, C^- bis C2o-tohlenwas- 
serstoffsubstituierten Metalbidresten. in denen das Metalloid ausgewANt ist aus der Qnw IV A des Periodensy- 
stems der Elemente, und Halogenresten ist; 

z-1-y) Heteroatomligand ist. in dem J ein Element mit einer Kbordinationszahl von drei aus der Grqppe V A 
Oder ein Element mrt einer Kbordinationszahl von zwd aus der Gruppe VI A des Periodensystems der Elemente 
ist Jedes R* jeweils unabh£lngig ein Rest ausgewdhtt aus einer GIruppe bestehend aus Cr bis C2o-Kbhlenwasser- 
stoffresten und substituierten Cr bis C^o-Kc^enwasserstoffresten, in denen ein Wasserstoffatom oder mehrere 
Wasserstoffatome durch ein Halogenatom ersetzt worden ist/sind. und 'z" die Kbordinationszahl des Elementes J 
ist; 

jedes Q und Q* jeweOs unabhangig Halogen. Hydrid Oder ein substHuierter od^ unsubstrtuierter Cr bis Cso-Kbh- 
lenwasserstoff, Alkoxid, Arylodd. Amid, Aryfamid, Phosphid oder Arylphosphid ist mit der MaBgabe, daB sich die- 
ses Q Oder Q* von C5H5.y.xRx unterscheidet wenn Q Oder Q* ein Kohlenwasserstoff Ist oder beide Q und Q* 
zusammen ein Alkyliden oder cydometallierter Kohlenwasserstoff sind, und M' die gleiche Bedeutung wie M hat 
y gleich 0 oder 1 ist wenn w grOBer als 0 ist; y gleich 1 ist wenn w gleich 0 ist wenn V gleich 1 ist B eine knva- 
lente BrOckengnippe ist, de ein Gruppe IV A oder V A Element enthdit, uid 
L eine neutrale Lewisbasa ist wobei *W eine ZaN von 0 bis 3 bedeutet 

zur Polymerisation von Ethyten und einem Monomer ausgewdhft aus C3- bis CzQ-a-Olefin oder einem C5- bis C20- 
Diolef^ unter AusschluB von 

(i) einer Polymerisation von Ethylen und vinytaromatischem Monomer und 

fii) einer Polymerisation von Eih^en und 1-Hexen oder 4-Methyt-1-penten. wenn die Verbindung (A) (N-t-Butyl- 
arrtno)(dimethyO(n^-2.3,4,5-tetramethykvdopentadienyOsilanzirtoni^ IsL 

9. Verwendung nach Anspruch 8 in einer ROssigphasenpolymerisatioa 

10. Venwendung nach Anspruch 9 in einer RQss^hasenpolymerisation. bei der Ethylen bei DrOcken von 1,3 x 10"^ 
bar bis B445 bar und einer Reaktionstemperatur von -100 'C bis 300 'C in eine Reaktionszone gefOhrt wird. 

R vendlcations 

1. Proc6d6 pour la potym6risagtion d*ol^nes, comprenant la polymerisation d^thyl^ne et tfun monom^e choisi 
entre une a-ol6f ine en C3 C20 et une diolfef ine en C5 A Cao en presence d*une lomujiation de catalyseur compre- 
nant 
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(A) un compost do formuie g6n6rale : 



ou 




dans laquelle M repr^sente Zr, Hf ou Ti ; 

(C5H5.y.xRx) reprfeente un noyau cydopentadi§nyie qui est substitu6 avec 2§ro k cinq groupes R. "X" 
est 6gal § 0, 1, 2. 3, 4 ou 5 et d§signe le degr6 de substitution, et chaque groupe R represents, ind6pendam- 
ment, un radical choisi dans le groupe consistant en radicaux hydrocarfoyle en Ci ^ Cgo. radicaux hydrocarfoyle 
en Ci ^ C20 sul)slitu6s dans lesqueis un ou plusieurs alomes d'hydrogdne sort remplac6s par des atomes 
tfhatog^nes. radicaux m6taIloTdiquesil substituants hydrocarbyle en Ci a C20, dans lesqueis le m6taDoTde est 
choisi dans le groupe I VA du Tableau P6riodique das EI6ments, et radicaux halog6no ; 

(JR z-1-y) represents un ligand h6t6foaton^e dans lequel J d6signe un ei6ment ayart un indlce de 
coordination ^gal k trois faisant partie du Groupe VA ou un 6l6mert ayant un indlce de coordinalion ^gal k 
deux faisant partie du Groupe VIA du Tableau P6riodique des Elements, chaque groupe R* repr6sente. ind§- 
pendamment, un radical choisi dans le groupe consistant en radicaux hydrocaibyle en Ci Ik C20, radicaux 
hydrocart)yie en Ci & C20 substitues dans lesqueis un ou plusieurs atomes tfhydrogfene sont remplac6s par 
des atomes d*halogenes. et "Z" represente llndice de coordination de reiemerrt J ; 

chacun des groupes Q et Q* repr6sente, independammert, un hatogene. un hydrure ou un radical 
hydrocarbyle en A Cgo substitu6 ou non substitue. alcodate, aryloxyde^ amide, arylamide, phosphure ou 
arylphosphure. sous reserve que. lorsque Q ou Q* repr6sente un groupe hydrocarbyle. un tel groupe Q ou Q' 
sort different de C5H5.y.xRx. ou Q et Q' repr6sentent conjointement un groupe alkylid6ne ou un groupe hydro- 
carbyle cydometalie et M' repond k la meme definition que M : 

V ©6t 6gal li 0 ou 1 lorsque w est superleur A 0, est 6gal k 1 lorsque w est 6gal k 0 ; lorsque V ©et 
egal k^,B represente un groupe de pontage covalert cortenant un element du Groupe IVA ou VA ; et 

L represente une base neutre de Lewis dont llndice \v'' designe un nombre de 0 A 3 ; et 
(B) un alumoxane 

avec les exclusions suivantes : 

i) la polymerisation de rethyiene et d'un nr)onom6re aromatique vinytique ; et 

ii) lorsque le compose (A) consiste en dichlorure de (N-tertio-butylamino)(dimethyl)(Tl®-2.3.4,5-tetramethytcy- 
clopertadienyOsilane-zirconium. la polymerisation de rethyiene et du l-hexftne ou du 4-methyl-1-pentene. 

Precede suivant la revendicati n 1, qui estunproc6dedepolymerisati n en phase liqulda 
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Proc6d6 suivant la revendicalion 2, dans lequel r6thyl6ne est soumis & une zone r6actionnelle k des pressi ns de 
1 .3.10*® bars k 3446 bars et k une temperature r6actionnelle de -100*»C & 300*e. 

Proc§d6 suivant la revendication 1 . dans lequel ra-ol«in consiste en 1 -but^e ou 1 -octfene. 

Proc6d6 suivant la revendication 1 ou la revendication 4, dans lequel Talumoxane consiste en un m6thylalumoxane 
ayant un degr6 mcyen rfoligomdrisation de 4 25, 

Proc6d6 suivant Tune quelconque des revendications pr6c6dentes. dans lequel le polymfere resultant a un rapport 
I\Aw/Mn de 1,5 d 15,0. 

Proc6d6 suivant Tune quelconque des revendications pr6c6dentes. dans lequel le polym6re r6suftant a une 
moyenne ponddrale du poids moldculaire de 1000 k 5 millions. 

Utilisation d'un compost de fbmiule g6n§rale : 




(JR* ) 



ou 




danslaquelleMrepr6senteZr, HfouTi. , , . 

(CsH5.«.xRJrepr6sentem noyau cydopentacfi6nyle qui est sii3Stitu6avM X est 

6gal&0 1 2 3.4 ou Set dfeigneledegrfi de substitution, etchaquegroi<)eRrepr6serrte.ind6penda^ 
radical diolsi dans le groupe oonsistant en radicaux hydrocaibyle en C, 6 Cjo. radicaux hydrocarbyle enC, a 
substitute dans lesquels un ou plusieurs atomes rfhxdrogdne sort remplacfe par des atomes dlia^ogdnes. radi- 
caux mtoBoIdiques k sdbstituants hydrocarbyle en Ci ft C20. dans lesquels le mttaUdTde est choisi dans le groupe 
IVA du Tableau P6riodique des EI6ments,et radicaux halog6no; . ^. ^ 

UH\ 1 v) reprteente un ligand h6t6roatomique dans lequel J dfesigne un 6l6mert ayant un iridice de coordi- 
nation 6gal Vfrois laisant partie du Groupe VA ou un 6l6ment ayant un Indtoe de coordination 6gsd 4 deux feusant 
partie du Groupe VIA du Tableau P6riodique des Bfiments. cheque groupe R' reprfeente. Ind^endammeitt. un 
radical choisi dans le groupe consistant en radicaux hydrocarbyle en d C20, radicaux hydroraibyle en Ci 4 C20 
sii3stitu6s dans lesquels un ou plusieurs atomes dTiydrogftne sort remplacfe par des atonies dlialoeftnes. et Z 
rlBprSsente llndice de coonJination de r6l6ment J ; j. , ^.^ 

chacun des groupes Q et Q' reprfeente. indfipendamment, un halcgftne, un hydmre ou m radical hydrocar- 
byle en Ci k C20 substitu6 ou non substitu6. alcodate. aryloxyde. amide, arylamide. phosphure arylphosphure, 
sous r6serv que, lorsque Q ou Q' reprteente un groupe hydrocarbyle. un tel groupe Q ou Q" sort d-Wf^entdf 
y.,R,.ouQ tQ'reprteententconjointem ntun group alkyliddn ou un groupe hydrocartjyl cyclom6tall6 et M 

r6pond k la m6m d«inition qu M ; ^ x_ , x « 1 ^»i 

Vest^galiO ullorsque west sup6rieur 40. Vest 6gal All rsqu west 6gali0;toisqu y est6gal 
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